We report on new observations of a purported parsec-scale outflow in the hostile environment at the boundary of the Rosette Nebula, a well-known H ii region driven by several O stars in the open cluster NGC 2244, and the Rosette
1. INTRODUCTION
The Environments of Young Stellar Object Outflows
The discovery of parsec-scale Herbig-Haro (HH) outflows from young stellar objects (YSOs) is fairly recent, with HH 34 being among the first known in this class (Bally & Devine 1994) . Studies of these large-scale features provide important information on the mass outflow history of newly forming stars, the mechanisms by which they affect their surroundings, and the role that outflows play in subsequent star formation and chemical evolution in a giant molecular cloud (e.g., Devine et al. 1999 ). In the decade since their discovery, numerous searches have been made to identify and characterize the nature of the outflows and their driving sources. Along with HH 34 (e.g., Bally & Devine 1994; Devine et al. 1997; Eislöffel & Mundt 1997) , HH 199 and HH 200 (Bally et al. 1995) , HH 366 (Bally et al. 1996) , HH 1-2 (Ogura 1995) , the HH 111/311/113 system , and HH 410/411 (Devine et al. 1999 ) are examples of parsec-scale outflows that are driven by low-mass YSOs. Parsec-scale outflows have also been found to be associated with both intermediatemass stars (e.g., McGroarty & Ray 2003) and high-mass stars. For example, Brooks et al. (2003) report the discovery of a nearinfrared H 2 flow, extending for 1.5 pc, that is driven by an O type star associated with IRAS 16547À4247, while Marti et al. (1993) report on the HH 80/81 outflow, a !5 pc long outflow that is driven by a $10 4 L central source. These studies indicate that the mechanism that results in large-scale collimated outflows for low-mass stars also works in the regime of intermediate-mass and high-mass star formation. Along with the interest that parsec-scale outflows have generated, another area of interest in HH studies involves the environments where outflows are found and how those environments affect the outflows. For example, YSO outflows have been identified not only in familiar quiescent star-forming regions such as Ophiuchus (e.g., Wilking et al. 1997; Gómez et al. 1998 Gómez et al. , 2003 Phelps & Barsony 2004) but also in much harsher environments. Examples include irradiated HH objects near Orionis (Andrews et al. 2004 ) and the Pelican Nebula (Bally & Reipurth 2003) , as well as HH 399 in the Trifid Nebula (Rosado et al. 1999 ). More recently Smith et al. (2004) reported on the first protostellar jet found in the Carina Nebula and determined that it is extends for over 3 pc and is driven by a Class I source. Additionally, Li & Rector (2004) have reported the discovery of an optical outflow in the Rosette Nebula and indicate that it could be the most extreme case of a jet system that is directly exposed to strong ionization fields. The Li & Rector jet system is found to have a high excitation, due largely to the disruptive interaction with the violent environment.
1.2. A Parsec-Scale Outflow in the Rosette Molecular Cloud?
The Rosette Molecular Cloud (RMC), at a distance of 1600 pc (Perez et al. 1987) , sits at the edge of the Rosette Nebula, which itself results from ionization by massive stars in the optically revealed star cluster NGC 2244. The RMC contains a number of known Infrared Astronomical Satellite (IRAS ) sources with colors consistent with star-forming regions (Cox et al. 1990; Williams et al. 1995) , and at least seven embedded star clusters have been identified within it (Phelps & Lada 1997 ). Ybarra & Phelps (2004) recently undertook a [S ii] survey of the RMC and identified at least 13 features showing excited gas. Three of the [S ii] features appear to be due to external excitation from stars in the nearby open cluster NGC 2244, while 10 of the features appear to originate from driving sources within the RMC itself, either as a result of the interaction of YSO radiation fields with the dense, prenatal material in the cloud, or by collimated outflows from YSOs (i.e., HH objects). Ybarra & Phelps (2004) hypothesized that two of the [S ii] features (C and D) might be part of a parsec-scale HH flow. The limitation of having only [S ii] data precluded a definitive characterization of the features, but if the parsec-scale outflow interpretation is correct, Ybarra & Phelps (2004) inferred that the driving source would be located in a region near an embedded cluster (No. 1) identified by Phelps & Lada (1997) . In Figure 1 , we present the Ybarra & Phelps (2004) [S ii] image, superposed with the Two Micron All Sky Survey (2MASS) K-band image of the region containing Phelps & Lada (1997) cluster 1. Intriguingly, there is in fact a near-infrared (NIR) source (2MASS 06315609+0419026) located at the terminus of the [S ii] emission, in proximity to the embedded cluster. Table 1 lists the 2MASS JHK data for this candidate driving source for the possible [S ii] outflow. The null value for J in Table 1 indicates a nondetection in that band, making the source fainter than is listed in the table. The derived J À H color is therefore a blue limit. Using these values, the 2MASS source is found to have NIR colors of J À H ! 1:136 mag, and H À K ¼ 1:962 mag. These colors indicate a substantial NIR excess and place the source in the YSO portion of the two-color diagram (e.g., Fig. 1 of Lada & Adams 1992) .
The presence of a YSO at the terminus of the feature C [S ii] emission of Ybarra & Phelps (2004) strongly suggests that at least this component of their hypothesized parsec-scale outflow is, in fact, an HH outflow. To test the outflow hypothesis, we have obtained molecular hydrogen, H 2 1-0 S(1), imaging data for the 2MASS 06315609+0419026 region. Optical [S ii] emission, such as that identified by Ybarra & Phelps (2004) , has frequently been used to identify HH outflows in the outer, less dense regions of molecular clouds. Molecular hydrogen is collisionally excited in shocked gas at temperatures of several thousand degrees Kelvin , and it traces outflows in regions of greater density. An observed progression from an embedded YSO to shocked H 2 emission to large-scale [S ii] emission is strong evidence for the presence of an outflow. In x 2 we present the observations, while in x 3 we discuss the results that arise from analysis of the data. Finally, in x 4 we summarize the new observations.
OBSERVATIONS
The molecular hydrogen, H 2 1-0 S(1), imaging data were obtained on 2003 February 09, using the 256 ; 256 pixel Gemini near-infrared camera on the University of California Observatories Lick 3 m telescope. Gemini has two detectors that simultaneously image over a wavelength range of 1-5 m using a dichroic beam splitter. A short wave (A) channel allows for Total integration times of 540 s in H 2 1-0 S(1) were obtained using the 2.125 m (Ák/k ¼ 1:1%) filter and 270 s in K 0 , using the 2.1235 m (Ák/k ¼ 16%) filter. A 3 ; 3 dithering pattern, with an offset of 20 00 for each dither, was used for the observations. A complete observing sequence was obtained in H 2 before switching to the K 0 filter. Each dither position consisted of a single exposure of 60 s in H 2 and six 5 s exposures per dither in K 0 . The data reduction itself was undertaken in a manner similar to that of Davis et al. (1994) . Dithered target frames were median combined to create a single sky frame, which was then subtracted from each target frame. Each of the target frames was then divided by the normalized sky frame as a means to apply a flat-field correction. Finally, target frames were registered and median combined to form a final single image, with a resulting field of view of 2A2.
To establish which features are a result of H 2 emission rather than continuum emission, the narrowband H 2 image was scaled to match the stellar intensities in the wider bandpass K 0 image. Since the narrow H 2 and broader K 0 filters overlap in wavelength coverage, this technique results in an enhanced level of emission in the H 2 image relative to the K 0 image. A K 0 -subtracted H 2 image therefore reveals regions containing only shocked gas. This technique has been used successfully in the past, for example, by Yun et al. (2001) when studying the outflow associated with IRAS 06047À1117 and by Davis et al. (1994) when studying HH 91, HH 110, and HH 111.
RESULTS
Figure 2 (left) shows the H 2 image of the region around 2MASS 06315609+0419026. Several bright knotlike ''bulleted'' features are apparent, along with faint, extended emission toward the northeast of the 2MASS source. Figure 2 (right) shows the K 0 -continuum-subtracted H 2 difference image of the same region. Stellar sources nearly vanish, while H 2 emission sources remain. At least four knotlike, bulleted H 2 emission features, forming a ''jet,'' are confirmed. The emission features are not in a direct line, although they do appear to emanate from 2MASS 06315609+0419026, extending to the northeast of the NIR point source. Higher extinction immediately to the west of the 2MASS source (see Fig. 1 ) may account for the lack of detection of a counterjet, if in fact one is present. Figure 3 again shows the H 2 image but now with the [S ii] data of Ybarra & Phelps (2004) superposed as contours. The H 2 emission that emanates from the 2MASS source terminates where the optical [S ii] emission (Ybarra & Phelps 2004 feature C) begins. This is the [S ii] emission that defines the inner region of the hypothesized parsec-scale outflow (Fig. 1) . This progression of features is just as expected for an outflow emerging from an embedded YSO. The combined optical [S ii] and infrared H 2 data, coupled with the presence of a near-infrared excess point source, are strong evidence for the presence of an HH outflow, at least in the region defined by Figure 3 . However, in a UV photon-rich environment such as that around the RMC, H 2 fluorescence is quite important. Observations in another transition such as H 2 2-1 S(1) (2.247 m) are also desirable in order to confirm that the emission is in fact collisionally excited. Nevertheless, the HH characteristics of the emission are compelling, and feature C has now been cataloged as HH 871.
5 Figure 4 shows the region presented in Figure 3 (indicated by the box), superposed on the larger scale continuum-subtracted [S ii] image of the area as presented in Ybarra & Phelps (2004) . Their feature C (HH 871) and feature D, hypothesized to be part of a parsec-scale HH outflow, are indicated. As discussed in Ybarra & Phelps (2004) , and highlighted by the arrows in (Perez et al. 1987) , this corresponds to a linear extent of $1.2 pc. Since the [S ii] feature C is now established to be an outflow from 2MASS 06315609+0419026, and it is oriented in the same general direction as the larger scale [S ii] emission, it is plausible to conclude that HH 871 and the [S ii] feature D, along with the emission that connects them, may be part of a parsecscale outflow.
The distribution of the [S ii] emission is complex, however. This may in part be due to extinction effects in the region. However, the initial bend in the [S ii] emission, coinciding with Ybarra & Phelps feature C (HH 871), is reminiscent of irradiated HH jets found in the Orion Nebula (e.g., . Masciadri & Raga (2001) have modeled the H emission of one of the Bally & Reipurth jets, HH 505, and find agreement between the observed characteristics of that outflow and their model. Specifically they note that (1) near the driving source, emission results from both the knots along the jet beam, and the sideways bow shock facing the H ii region, (2) at larger distances the emission from the sideways shock dominates, (3) the head of the jet is asymmetric, with a faint extension in the downwind direction, and (4) a break in the curved structure is present about two-thirds of the way along the jet length. While their model is specific to the H emission of HH 505, and it covers only one-tenth of the size of the purported parsec-scale outflow described here, the similarities between the HH 505 jet and our newly confirmed Rosette outflow, particularly its inner regions, suggest similar physics is at work. The bend in the [S ii] emission seen in the 2MASS 06315609+0419026 jet is consistent with the expanding Rosette H ii region, itself located nearly due north of the field, sweeping by and interacting with the HH jet. The nature of the larger scale [S ii] emission, which is certainly affected by extinction, potential larger scale inhomogenieties in H ii region characteristics, and possible episodic activity, is less clear. Additionally, the nonlinear nature of the bulleted H 2 emission associated with HH 871 suggests the possibility of a precessing driving source, which would complicate the interpretation of the large-scale [S ii] emission. The possibility that the larger scale [S ii] emission is not part of the HH 871 outflow at all, but rather is externally excited along the boundary of an undetected dense cloud, also cannot be ruled out with the existing data.
SUMMARY
The spatial progression of a NIR excess source (2MASS 06315609+0419026), the newly detected NIR molecular H 2 jet, and optical [S ii] emission associated with Ybarra & Phelps (2004) feature C provides strong evidence for an outflow at the boundary of the Rosette Nebula and the RMC. This outflow is now designated HH 871. The driving source for HH 871 is in close proximity to embedded cluster 1 of Phelps & Lada (1997) , and it may well be associated with the cluster. Along with the nearby outflow discovered by Li & Rector (2004) , this now brings to two the number of outflows found in the extreme environment of the Rosette Nebula.
The larger scale distribution of optical [S ii] emission in the region is complex. There is evidence of faint [S ii] emission connecting the HH 871 outflow with Ybarra & Phelps (2004) [S ii] feature D, $1.2 pc away, suggesting at least the possibility of a parsec-scale outflow in this harsh environment. The spatial orientation of the HH 871 outflow relative to its driving source is consistent with the parsec-scale outflow interpretation, although additional observations are required for confirmation.
